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4 Rexanitrostilbene (HXS) has been ustd within the U.S. govers~entlindustriL
complex since the early 1960's. Chemical process variables leave such to be
desired in terms of product purity and control of particle geonetry. The
explosive HNS-1, from the Shipp process, is normally fine, flat platelets

4 ~~which have been found to contatin upwards to 6% hexanitrobiberazyl. (11IM ) or
q dipicrylethane (DPE) as an impurity. Attempts to remove this impurity by mul-

tiple washing* has resulted in recys sed sascerial of a newV geometry and
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.onsequently larger particle size. The large particle size is undesirable in
many applications. The explosive HNS-Il, first recrystalillied by the
Taylor-Oesterling process, is usually accomplished by extra fion by dual-
orSanic.solvents. Mit recently, HNS has been recrystallized from nitric acid.
The thermal stability of the HNS recrystallized from nitric acid appears to be
different ff'outhe HNS recrystallized from organic solvents as demonstrated in
the low core load detonating cords. The chemical/explosive properties will beFliscussed.

HNS has found many applications throughout the aerospace industry in
explosive components for high speed aircraft and spacecraft and has bece
"incorporated into a PBX seismic charge. The properties of this PBX will be
discussed.
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SUKXARY

OVERVIEWS OF IINS PRODUCrION/PROPERTIES/APPLICATIONS

This report covers a review conducted in part for the NASA Lyndon B. Johnson
Space Center, Houston, Texas under NSWC Task RI2ZB. 11exanitrostilbene (HNS),
a thermally stable explosive, has been qualified for applications in the NASA
complex and in many Navy applications. The explosive is synthesized by several
vendors in the United States using the Shipp process. Variable purities have
been found with the major impuriLy being hexanitrobibenzyl (IINB) or dipicrylethane
(DPE). The HNS is used it% detonating cords and large explosive charges.
The author viahes to acknowledge the detonation velocity work done by
Mr. Charles Goode, the chemical analyses by Ms. Eleonore Kayser, and the scanning
electron photomicroscopy by Dr. Marriner Norr.
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Introduction

Hiexanitrostilbene (HNS) has been produced in the United States by the
Shipp process1 , 2 since the early 1960's. This one step process, from
TNT and commercial bleach, was the only synthetic route to HNS for many
years. Earlier work by Reich,s reporting on findings on the preparation
of hexanitroutilbene, shows a melting point of 211 0C, but it is believed
that this material was probably hexanitrobibenzyl (IINBiB) instead of
hexanitrostilbene as claimed. Recent literature shows effort by StullIs
and Clink' to icprove the quality of the H1S, the efficiency of the Shipp
process and alternate routes of synthesis.

The Hungarian patent by Tompalthy' et al, suggests a route of synthesis
for HNS by using an oxidation catalyst; a metal complex of cobalt or copper.
A duplication of this work has met with little or no success in the
United States. The British have patented a process as an inprovement over
the Shipp process by reacting TNT in the presence of ammonia or an amine. 1

HNS Synthesis/Particle Geometry

It is inherent in the synthesis of HNS that many side reactions take
place forming a number of impurities which are caught up in the HNS crystal

on precipitation from the red tar fraction. Kayser' at the Naval Surface
Weapons Center (NAVSWC) has identified at 'east twelve by-products of the
reaction by using a combination of thin layer chromatography (TLC) and
nuclear magnetic resonance spectroscopy (NMR).

In addition, Schaffer" has developed a method to analyze HNS samples
using high pressure liquid chromatography (HPLC). The izpurity appearing
in the largeat percentage is the hexanitrobibenzyl. A graphical
representation of the appearance of these materials as they occur on the
HPLC reverse-phase column$ is pointed out in Figure 1. This synthetic
mixture contains the basic impurities found in fINS although all of these do
"not appear in eve.ry lot of HNS that is produced from the methods indicated
above. Each vendor will usually have a range of percentages of various
impurities depending on the method and the process control. A tabulation
of the results of a number of chemical assays from HNS produced by several
vendors can be seen in Table I. These values should be considered to be
typical and not necessarily limited to the single percentages of compounds
indicated on the table. For example, HNS-I, prepared by vendor C, Vill assay

1t 7. 8.
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at 95.9% HNS depending on the range of assay for the HNBiB. Empty columns
are indicative of purity from that particular compound. Since the source
column letters do not duplicate identical vendors for IIHNS-I and HNS-II, the
X TNT column indicates three vendors had some percentage of the original,

-4 unreacted starting material appearing in the final product. From a chemical
purity viewpoint, these iapurities are undesirable but it is probably
impractical to "clean-up" the product unless it is justifiable. This brings

up the question of how is the crystal geometry effected by any "clean-up"
or whether one should be concerned with any change in the geometry of the
HNS crystal At all? Unfortunately, the shape of the IINS crystal has a
significant effect on the explosive response to fragment initiation.
In addition, in small diameter explosive train hardware, this can also be
critical to the reliability of performance if there is any significant
change in the particle geometry of the acceptor explosive. To get this
into perspective, a requirement for a new type explosive component was
developed in the early 1960's to meet the needs of the F-1ll Aircraft

* Program. This explosive comporient had both capabilities of being a donor
and/or an acceptor. Peculiar to the design was the fact that after much
expenditure of time and money, the design could be faulted only when the
recrystallized, large particle size 1114S was used throughout the component.

* The thermal requirements were well below any temperature which would cause
problems with the relatively impure HNS which crystallized out of the red
tar fraction of the organic synthesis. It wax discovered at the outset of
the testing of the explosive component, that only the thin platelets of
SHNS-I would support a reliable detonation transfer. The explosive component
in question was the shielded mild detonating cord (SMDC)|I'S and is

tihown in Figure 2. The end coupler charge of HNS is the key to the reliable
performance of the component when the end coupler is the donor. The base charge
section is the key to reliable detonation transfer when the end coupler is the
acceptor. Several papers have been written describing earlier work",

K on the development of the end coupler for the SKDC line. The point is the
particle shape/size of the HNS signific#ntly influences the performance of
the SNDC explosive component. A photomicrograph of the HNS-1 as it was first
synthesized is shown in Figure 3. The HNS-I sample, ID 714, is typical of
the particle sizc and shape of the explosives used in the end coupler, and
is typical of the 1INS from the Shipp process. On the same illustration, a

photomicrograph is shown of 14NS-I (ID 1987) explosive produced by the Shipp
process but allowed to stand in large holding tanks for many hours awaiting
the next step of the process. ID 1987 ia typical of HNS-l which has been
allowed to grow under conditions of large volume recrystallization.

However, in view of the crystal growth, particle size, bulk density
charge, change in explosive sensitivity, etc., IINS-I is a misnomer for this
lot of H1NS. This type of liNS explosive is considered to be an HNS-I/14S-II
hybrid for further reference. For example, a similar lot of HNS-I was
tested in the laboratory for fragment initiation sensitivity. It vas
fabricated into the base charge section of the SMDC component. This unit
was used as an acceptor and tested with a standard SMDC tip as the donor,
In this special case, a special thickness of steel barrier was specified over

F a range of 0!003 to 0.'025 to be implemented by using steel shims of variable
thickness to be substituted for the cup bottom of the acceptor. The donor
and acceptor were set up at 0.'500 and 0'7100 air gap between them for the two

6
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tests as shown in Figure 4. The shim thicknesses were varied for the tests,
and the results of these test firings, with a limited number of shots at
various barrier (cup) thicknesses, are shown in Figures 5 and 6. The results
are plotted as the 50% fire response from the SHDC donors' fragment stimulus.
The results from tests in the end-to-end initiation configuration as shown
in Figure 5 are from the typical arrangement of this ordnance in actual
application; except for the penalized air gap. Since this has been the accepted
design for at least 15 years, reduced thickness barriers are as expected,
even for the decreased sensitivity of the fNS hybrid material. The results
in Figure 6 indicate HNS-l is an acceptable material in the cup of the SNDC
tip even at 0.'1 air gap in a aide-to-end initiation configuration. The results
are consistent with the increase in explosive surface area (reduced particle
size), the donor remaining constant, the steel barrier thickness can be
increased at the acceptor without reducing the reliability of initiation of
the acceptor. The question of integrity of the SMDC system is centered about
the plot of data in Figure 6 where a complete reversal in the performance
of the acceptor is shown as the surface area decreases and the barrier
thickness drops below five mils thickness with the IINS-II loading. The aide-
to-end initiation of an acceptor is one of the most undesirable methods of
initiation at beit but to combine this with =ore insensitive explosives in
the acceptor S!DC line is asking for reduced performance in the form of a
failure to initiate at design barrier thickness parameter (cup bottom).
It points out that HINS-1t is not acceptable in the end cup and is an
indication rhat any hybrid IINS explosive could approach this area of design
margin if the surface area became small enough. Even in view of the small
r.ts=ber of ?-qa the rrosults are cnelusive and the standard deviation of
"12 mils would not be expected to change with an increase in the sample stize.
After reviewing over 50 separate lots of iINS-l from industry in the United
States and three lots from England, there have been only two lots of HNS-I
from the United States and none from England which showed this HNS-I hybrid
structure. Therefore, only 47X of the lots produced in the United States have
been in holding tank.s for an abnormally longer time period than with the other
fINS processes. The washing procedures for HNS-I ahould be -areitlly controlled
but the probability of approaching the "worst-case" situation in crystal
growth is small. A change in the margin of performance in SHDC end boosters
has been defined but it is not expected to effect the ultimate perfor-mance
of the explosive hardware.

This discussion has been pointed entirely toward a specific piece of
ordnance: the SHDC explosive component. The choice of whether the designer
should use IINS-I or HNS-II depends on various constraints of environment and
mechanical design on the final design which is on a per case basis. Aside
"from component usage, a recent demand for HNS as a nucleating agent in the
control of the recrystallization of TNT's during casting has heen cited.
The literature does not define which HNS to use in this process. Unless there
is some technical reason influencing the behavior of the TNT by using HNS-I
as opposed to HNS-Il, then the more economical route would be to use the
HNS-1.

,V " Availability of HNS Explosive

The availability of both HN1S-I and HNS-I1 has been increasing over the

.j-~ 7
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last five years. Teledyne McCormick Selph, United Technologies, Hason and
Hanger and Ensign Bickford have been added to the list as shown in Table 2.
Note that some companies have chosen to make only ENS-I or HNS-Il and some
have chosen to make both types of materials. The British have produced
HNS-i by their modified Shipp process and are using it to improve the
crystallization or nucleation of the TNT melt in shell explosive loading
facilities.

All of the companies currently producing IINS-l and IINS-11 have been
investigated. Historical samples have been collected from the early
American Cyanamid productions and from the latest products available by all
vendors. Inherent in the HNS synthesis, is the production of hexanitro-
bibenzyl (HNBiB) and small amounts of the impurities. The production of the
HNBiB depends primarily on the temperature control of the reaction mixture
and on the temperature at which the HNS reaction is carried out. it is
rather difficult to remove except through many washings as has been pointed
out earlier. In Table 1 the column heading & "P.P." is defined as unknown
material/materials which requires more study to analyze. Recrystallization
of HNS removes the majority of these icpurities but definitely changes the
crystal geometry.

The recrystallization of HNS-i has been studied by Taylor,14 O'Keefe, 1 7
7 Sandoval ,19 Quinlin,20 and SyropZ1 using organic solvents. Taylor

studied the recrystallization of ENS to improve the bulk density of the
material for loading into mild detonating cord (HDC), and flexible linear
shaped charge (FLSC). Ile found that acetonitrile/toluene was effective for
HNS as a double solvent system %n the continuous extraction- reurystallization
apparatus. Syrop also found continuous extraction-recrystallization to be
effective with acetonitrile/xylene according to his patent. The flow
properties of the recrystallized ENS is satisfactory for loading into MDC
and FLSC. This particular application of ENS-IH is the largest of all the
usea of HNS-Il. It has been produced from lot sizes of a few kilos to 45 Kg
lots in the United States. Laboratory size glassware and stainless steel
kettles are being used to recrystddlize the ENS now being produced in the
United States. All vendors have proprietary rights in the processing of
the material but a careful review of the end product reveals a crystal
geometry characteristic of the solvent/snlvents used in the process.
In the manufacture of IINS-Il, the demand or the requirement for a
particular particle size/geometry is not as critical in the performance
of the end product hardware as was HNS-I. Both HNS-I and HNS-Il can be
loaded into cords but the HNS-Il has the more desirable flow characteristics.

Two vendors, Chemtronics and Teledyne McCormick Selph supply IINS-I1
processed from nitric acid solvent. This method of recrystallization of
HNS was not accomplished until the early 1970's. The processes are atill
proprietary to both companies. The crystal geomet.y and site appear to be
controllable but is inherently large. The flow properties of the HNS and

0 the more economical processing of the explosive makes it more attractive to
the user but not without a serious drawback. The problem with this material
when loaded into detonating cords is that the thermal stability of the
explosive is pennlized as is shown in Table 3. This is substantiated by poor
performance demonstrated by the MDC when compared to the performance of the

0. . .. ...
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organic solvent recrystallized material tested under the same conditions. 22 23

The work published by Gould 2 ' at the Sandia Laboratories points out the
limiting factor in the thermal stability of IINS produced currently in the
presence of dipicrylethane (DPE) or hexanitrobibenryl.

The availability of H1S within a short time frame is variable depending
on the demand and the availability of solvents, however most of the vendors
will furnish the explosive in 45 Kg lots.

Application of Hexanitrostilbene

lINS has found many applications throughout the aerospace industry in
explosive components for high-speed aircraft and spacecraft. It has also
been incorporated into a plastic bonded explosive charge (PBX). Special
components such as the SMGDC line, as shown in Table 4. is the largest user
of fiNS. As has been pointed out, fiNS-I must be used in the end coupler/end
tip arrangement. Many thousands of these units have been fabricaited and
tested to a high demonstrated reliability.

The largest explosive charges made with |INS were fabricated for the
APOLLO 17 Lunar Seismic Profiling Experiment.2S

In these charges, lHNS-Il was blended with Teflon-7C (E. I. duPont
deNemoura Co. Trademark) isostaticallv presned, and machined to the proper
shape for the application by Hisener. A better understanding of the
thermal properties of the explosive and inert binder has been published by
Elban,' who developed values of thermal diffusivity and thermal conductivity
for the explosive blend and the inert siculant for the charge. Additional
properties are shoun in Table 5. Montesi" studied the explosive sensitivity
of 1INS/Teflon 90/10 by a series of verification tests. The probabilities
of detonation transfers between the in-line explosive components were
determined by the VARICOXP test 2 • method and exceeded 0.9999 at 95%
confidence for all interfaces in the explosive train. The explosive charges
were subjected to vigorous vibration testing and were accepted for flight
environment. The explosive charges fabricated for this mission range from
booster size (60 gin) to main charge size (2.7 Kg). It demonstrates the
usefulness of the explosive blend and future possibilities in explosive train
design. At the Lawrence Livermore Laboratory (LLL), Golopol"o blends 95 wt%
HNS-I and 5 wtZ Kel-F 800 to form an acceptable explosive composition for use
as an explosive booster. Several papers have been written on the detonation
properties of 1iNS where 11anesil measured the unreacted Hiugoniots of HNS
and Lee" developed an equation of state for the detonation products of
HiNS at various charge densities.

The Shipp process is probably the most used and most economical
synthesis of HNS-I at the present time in the United States. The Taylor-
Oesterling recrystallization process for HN4S-1 to form HNS-1I, yields material
which has better thermal stability than the material recrystallized from
nitric acid. All HNS produced in the United States by qualified vendors
appears to retain the thermal qualities of the basic explosive material.

J
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There is however, a considerable percentage of imurities. Hexanitrostilbene
recrystallized from nitric acid, should not be used in detonating cords.
Manufacturers of HNS-I should be awaire of crystal growth brought about by
retaining the explosive in holding tanks for long periods of time.

HNS-1 or HNS-I1 may be combined with a proper binder and pressed into
an acceptable explosive charge with good mechanical and thermal properties.

ini
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TABLE 1 OUANTITATIVE HNS DATA

% COMPOSITION DETERMINED FROM RESPONSE FACTORS
i4

- SOURCE HNS.I HNflm TNB PICH20H FPCHO TNT ?Jr

A 99.4+ P44 0.2 ...

B 93.9+ 1.6 02 0.1 0.8

C 95.9+ 0.64 TRACE 05 0.1
___O 99.0+ 07 02

E 98.0+ 17 02 TRACE TRACE

A HNS.II
99.4 u

99.6+ 0&1 03

C 982+ 043 X00.1 03
D 9.1+ 0.7 0+_

E 99.o+ i.5 ..

TABLE 2 AVAILABILITY*HEXANITROSTILBENE (HNS)

SOURCE TYPE

CHETRONINCS HNS.l
HNS-41

- ~MASON ft HANGER-.
SILAS MASON CO., INC. HZHNS4

-~ -v PANTE PLANT

-zm

TELEDYNE McCORMICK SELPH HNI4

UNITED TECHNOLOGIES CORP HtNS4

[ . ENSIGN BICKFORD HNS-il

BRITISH (ROF-RIDGEWATER) HNSl

+" ++-'"+ - '• + + .. . •++-. + .•- , ^•..7 ,_.;_+ • + +.°;_ ,.+ "• "++r",'. '• " + "+'' ++ >•"• .. . .++ . r: . '• -+.+0+,+ -- + .-+..+ : +:• .18._• ,
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TABLE 4 EXPLOSIVE TECHNOLOGY SMDC SUMMARY (MAJOR PROGRAMS ONLY)

1965 THROUGH JANUARY 1978

PROGRAM QUANTITY QUANTITY X-CORD CON$IG.
MANUFACTURED RUNCT1OND CORE SHEATH
__NUCTR_ __T__E 2.5 GR/FT MATIL

F.111 2U1D50 17,730 DIPAM SILVER

F14 123.940 l11.50 HtNS SILVER

F-15 15,70 9_0 DIPAM SILVER

F-16 230 40 MRS SILVER
S3A 16.z 69 t HINS SILVER
EAM 3.W00 400 HNS SILVER

MB.339 (ITALY) 90 10 HNS SILVER

Cf *Ot (SPAIN) 140 20 HNS SILVER

SPACE SHUTTLE 1.750 200 HNS SILVER

DELTA CASTOR 1,870 180 HNS SILVER

PROJECT 227 3.230 250 DIPAM SILVER

Lm, CUTTER 2.300 l.00 HNS SILVER

CENTAUR 400 00 mkS SILVER

CTSh1(CANADA) No 30 DOWAM SILVER
STANDARD AR 4m50 120 DIPAM SILVER
SPRkINT 1.000 i00 RDX LEAD

!HARPOON 710 70 HmS S.lmER

20
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TABLE 5 PHYSICAL AND EXPLOSIVE PROPERTIES OF HEXANITROSTILBENE,
HNS/TEFLON COMPARED TO RDX

HNS.I HNS-II HNS.IIITEFLON STD RDX*
90110

MELTING POINT (0C0 313 318 318 204

THEORETICAL MAXIMUM
DENSITY (G/CC) 1.74 1.74 1.78 1.82

VACUUM THERMAL STABILITY 2600
260*C (CC/GIHR) 1.68 0.23 0.52 13.2 AT 180

WEIGHT LOSS (%) AT
210 0 C AFTER 48 HRS - - - EXPLODES

PARTICLE SIZE RANGE
(MICRONS) <10 100.200 100.200 500 OR LESS

IMPACT SENSITIVITY
(k IN CMV 47 63 - 20

ELECTROSTATIC SPARK FIRES ABOVE FIRES ABOVE LESS SENS
SENSITIVITY 0.001 MFD 0.0001 MFD THAN TETRYL

08 KV 0 17 KV OR PETN

DETONATION VELOCITY 6800 7000 6900 8350
(MISEC 0 DENSITY
(G/CC) 1.60 1.70 1.68 1.70

50% SHOCK SENSITIVITY
DB0g* (KBAR) 7.14 (33.69) 5.35 (18.74) 6.76 (21.87) 3.77 (11.26)
o DENSITY. G!CC 1.68 1.64 1.70 1.63

AVAILABILITY PRODUCT(ON PRODUCTION - PRODUCTION

SPECIFICATION WSs503 WS5003 NOLS 1015 MIL.R-398

ONOL.ERL DROP MACHINE, SANDPAPER, TYPE 12 TOOLS, 2.5 KG WT
"ODB9 - 30-10 LOG (OBSERVED GAP IN MILS)
*MIL.R.398 MILITARY SPECIFICATION RDX

21/22

* ~1
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To al holders of NSWC TR 79-181 Change 2
Title: OVERVIEWS OF HNS PRODUCTION/PROPERTIES/APPLICATIONS 31 March 1980

0

This publication is changed as follows:

~ TABLE 5, page 21/22, PHYSICAL AND EXPLOSIVE PROPERTIES OF HEXANITROSTILBENE, HNS/
TEFLON COMPARED TO RDX.

The THEORETICAL MAXIMUM DENSITY (G/CC) for STD RDX. reads 1.82. This value should
be changed to read 1.806.*

The footnote should read:

*UCRL-51319 (Revision 1976), Brigitta Dobratz, Lawrence Livermore Laboratory.

Inseet this change sheet between the cover and the DD Form 1473 in your copy.
Write on the cover"Chamn 2 Ins~er ", ZMT A , Ha
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